INTRODUCTION
Diabetes mellitus (DM) consists of a group of syndromes characterized by hyperglycemia, altered metabolism of lipids, carbohydrates, and proteins, and an increased risk of complications from vascular disease (Davis, 2006) . Modern medicines such as biguanides, sulfonylureas and thiozolidinediones are available for the treatment of *Corresponding author. E-mail: sudarshanadeepa@gmail.com; Tel: +91-9944904240; Fax: 04295-226251. diabetes. However they have undesired side effects associated with their uses (Zimmet et al., 2001) . Alternative medicines, predominantly herbal drugs are effective, safer and acceptable to the general society (Valiathan, 1998) . One of the therapeutic approach for treating type 2 diabetes is (T2D) is to decrease postprandial hyperglycemia. The medicinal plants or natural products involve retarding the absorption of glucose by inhibiting the carbohydrate hydrolyzing enzymes-α-glucosidase, that is, Tephrosia tinctoria (Rajaram and Sureshkumar, 2011) , Verbascum kermanesis, Rosa damascene, Rosmarinus officinalis, Levisticum officinale, Zataria multiflora, Sanguisoba minor, Alhagi camelorum, Pistacia vera, Vaccinium arcto staphylus (Ahmad et al., 2008) . The inhibition of these enzymes delay carbohydrate digestion and protect carbohydrate overall digestion time, resulting in the reduction in glucose absorption rate and dulling of postprandial plasma glucose rise (Tadera et al., 2006) . T2D, which may also be caused by metabolic syndrome, is characterized by a reduced sensitivity to insulin signaling and a reduced efficiency of glucose transport, primarily in adipocytes and muscle cells, leading to hyperglycemia and hyperinsulinemia (Cho et al., 2004) . Adipose tissue is considered as a key link between obesity and T2D by promoting the development of lipotoxicity, that is, cell damage as a consequence of elevated intracellular lipid concentrations and insulin resistance (Lelliott and Vidal-Puig, 2004) . Pathways related to insulin resistance are studied in cell lines of adipocytes such as murine 3T3-L1 cells employed as tools to evaluate the effects of natural products upon glucose uptake (Karalee et al., 2001) . Apart from the available in vitro models to study the various target sites of diabetes animal model evaluation for diabetes are greatly useful and advantages because they offer promise of new sights into human diabetes. Inbred animal models, in which the genetic background is homogemous and environmental factors which can be controlled, are therefore valuable in genetic dissection of multifactorial diseases. Streptozotocin is one such frequently used animal model for T2D (Patil et al., 2011) .
Andrographis lineata Wall.ex.Nees (AL) and Andrographis serpyllifolia Wt.Ic (AS) are members of Acanthaeceae family. The former is an erect perennial herb and latter is a trailing and rooting herb, both are widely distributed throughout Deccan and Carnatic regions of South India (Gamble, 1956) . All the parts of AL and AS are important in the traditional system of medicine in India which has been extensively used for snake bites, diabetes, antipyretics, cancer and inflammation (Ignacimuthu et al., 2006; Damu et al., 1999) . There are reports on antimicrobial, diuretic and hepatoprotective activity of AL leaf extracts (Alagesaboopathi and balu, 1995; Ignacimuthu et al., 2006; Sangameswaran et al., 2007) . Flavanoids were isolated from the whole plant extract of AL (Kishore et al., 2003) . The phytochemicals reported for AS are serpyllin, apigenin, 7, 4, 1-dimethyl ether, techtochrysin, andrographine from the whole plant extract of AS (Sathish et al., 2009 ). Anticancer and hypolipidemic activity has been evaluated in the leaf and root extracts of AS (Bharath and Manga, 2010; Govindachari et al., 1968) . Though the leaves of both the plants have been used as ancient folklore medicine for diabetes by the tribals of Kolli Hills of Nammakal District, Tamilnadu, India, till now there is lack of scientific documentation.
The prolonged hyperglycemia that results in diabetic patients has been speculated to induce oxidative stress through the excessive generation of free radicals which may impair endogenous antioxidant defense (Srinivasan and Ramarao, 2007) .The stabilization of blood glucose in diabetic patients is therefore important to prevent these hyperglycemic complications. The main therapeutic approach used to achieve this objective in the diabetic patient is to stimulate insulin release, increase the number of glucose transporters, inhibit gluconeogenesis or reduce the absorption of glucose. Another therapeutic approach is to decrease the post-prandial hyperglycemia, which is achieved with the enzyme inhibitors such as acarbose, voglibose and miglitol (Chiasson et al., 1994) which function by retarding the action of the gastrointestinal carbohydrate hydrolysing enzymes α-amylase and α-glucosidase. As a result, these substances delay carbohydrate digestion thereby decreasing the rate of glucose absorption, that is, they blunt the post-prandial plasma glucose rise. While effective, the gastrointestinal side effects of acarbose, which includes bloating, abdominal discomfort, diarrhoea, and flatulence, make them less attractive as therapeutic agents. Glucose uptake and storage in peripheral tissues such as skeletal muscles and adipose tissue is a major regulatory process in the homeostatic control of blood glucose levels (Satish et al., 2011) .
It is widely accepted that skeletal muscle, by virtue of its large contribution to body mass, represents the major site of insulin-mediated glucose disposal. However, both tissues contribute toward the lowering of blood glucose (Ji-Youn et al., 2004) . Glucose uptake is mediated through the translocation of the Glut4 receptor from the interior to the cell surface which is stimulated by the insulin signaling pathway initiated by activation of the insulin receptor. Any defect in this pathway triggers the development of hyperglycemia in type II diabetes. Thus, measurement of glucose uptake into peripheral tissues is an important mechanism to assess insulin sensitivity. Insulin sensitizers like thiazolidinediones (TZDs) are effective in improving insulin resistance; however their adverse effect profile limits their long term use (Karalee et al., 2001) .
New anti-diabetic compounds which function by this mechanism but devoid of side effect are therefore desirable. Hence an attempt was made to evaluate the antidiabetic activity of ethanolic leaf extracts of A. lineata Wall.ex.Nees (EtALL) and A. serpyllifolia Wt.Ic (EtASL) in vitro (α-glucosidase inhibition and glucose uptake activity) and in vivo (Streptozotocin induced Wistar male rats) study.
MATERIALS AND METHODS

Plant material
AL and AS were collected from Kolli Hills of Nammakal District of Tamil Nadu,India and the plant material was identified by BSI (Botanical Survey of India, Coimbatore, Tamil Nadu, India).The voucher specimen AL and AS ( BSI/SC/5/23/07-08/Tech.1803) was deposited in Rappinart Herbarium, St .Joseph's College, Tiruchirappalli, Tamilnadu, India. The leaves of AL and AS were shade dried at room temperature, finely powdered. The EtALL and EtASL was prepared using Soxhlet apparatus at 60°C and concentrated using rotary evaporator at 40°C stored in a desiccators till further use.
Phytochemical screening
Preliminary qualitative analysis of EtALL and EtASL extracts were performed by employing standard procedures (Trease, 2005) to reveal the presence of chemical constituents such as alkaloids, flavanoids, tannins, terpenes, saponins, glycosides and steroids.
In vitro α-glucosidase inhibitory assay
In order to investigate the inhibitory effect of EtALL and EtASL extracts, an in vitro α-glucosidase inhibition assay was performed based on the methodology of Sunil et al. (2009) . The α-glucosidase inhibitory effect was calculated using the formula: % Inhibition= (Absorbance of Control) -(Absorbance of test sample) /Absorbance of control X100 Acarbose (Sigma,U.S.A) a well known α-glucosidase inhibitor was used as reference drug for the inhibitory activity. The α-glucosidase inhibitory activities of EtALL and EtASL extracts and Acarbose was calculated and the IC50 value was determined.
3T3-L1 cell culture maintanance and adipocyte differentiation
Adipocyte differentiation was induced and glucose uptake activity was assessed according to the method of Liu et al. (2001) . 3T3-L1 cells (NCCS, Pune, India) were grown in Dulbecco's modified Eagle's medium (DMEM) medium (Himedia, Mumbai, India) and supplemented with 10% fetal bovine serum (FBS) (Himedia, Mumbai, India) at 37°C to attain confluency in 12-well plates. Adipocyte differentiation was induced by supplementing the media with a combination of 166.7 nmol/l insulin (Sigma , USA) , 540.5 μmol/l IBMX (Sigma,USA) , and 255.1 nmol /l DEX (Sigma,USA) for 48 h followed by insulin alone and EtALL and EtASL extracts of different concentration for an additional 48 h. The media was then replaced with fresh culture medium (DMEM supplemented with 10% FBS) after 2 days and then every three day thereafter. Cell viability and glucose uptake experiments were performed 11-12 days post induction of differentiation.
Cell viability
Preconfluent 3T3-L1 preadipocytes were seeded in 96-well plates at a density of 10,000 cells/well. Untreated cells and cells treated with EtALL and EtASL extracts with concentration (6.5, 12.5, 25, 50, 100 and 200 µg/ml) and with positive control (Cyclophosphamide) at 45 µg/ml were subsequently added to culture medium at the time of plating. At 48 h following plating, the cells were incubated at 37°C with 0.5 mg/ml MTT for 45 min. The medium was aspirated, and the insoluble formazan product was dissolved in DMSO (250 μl) for at least 2 h in the dark. MTT reduction was quantified by measuring the absorbance at 550 nm.
Glucose uptake activity assay
Glucose uptake activity was analyzed by measuring the uptake of 2-deoxy-D-[3H] glucose (Yu et al., 2003) . Confluent 3T3-L1 adipocytes grown in 12-well plates were washed twice with serumfree DMEM and incubated with 0.5 ml of the same medium at 37°C for 2 h. The cells were washed three times with KRP buffer and incubated with 0.9 ml KRP buffer at 37°C for 30 min. EtALL and EtASL extracts of concentrations (50,100, 200 and 500 µg/ml) were then added and adipocytes were further incubated at 37°C for 20 min. Glucose uptake was initiated by the addition of 0.1 ml KRP buffer containing 0.037 MBq/l 2-deoxy-D-[3H] glucose and 0.001 mmol/l glucose. After 15 min, the assay was terminated by washing the cells three times with cold PBS. The cells were lysed with 0.7 ml of 1% Triton X-l00 at 37ºC for 20 min. The radio activity retained by the cell lysates was determined by a scintillation counter (Tri-Carb 2100TR, Packard, USA). The effect of EtALL and EtASL extracts on glucose uptake increase rate in 3T3-L1 adipocytes was calculated as follows:
Glucose uptake increase rate (%) = (As/A0) ×100.
Here, AS is the glucose uptake of EtALL and EtASL extracts of different concentrations and Ao is the glucose uptake of blank (without EtALL or EtASL extract).
Animals
Male Wistar rats weighing 170±5 g were procured from Tamilnadu Vetinary Science University, Chennai and acclimatized at the temperature of 23 ± 2°C with controlled humidity conditions (50-55 %) at 12 h light and dark cycle. The rats were kept in polypropylene cages and were fed with standard pellet diet (Sri Venkateswara Enterprises, Bangalore, India) and water ad libitum. All the studies conducted were approved by the Institutional Animal Ethical Committee of PRIST University (East Campus), (Reg.No.743/abc/CPCSEA, PhD2/2011-12), Thanjavur-614904, Tamilnadu, India according to the prescribed guidelines of CPCSEA, Government of India.
Acute toxicity study
Healthy adult male Wistar rats were starved overnight, divided into five groups (n=6) and were orally fed with EtALL and EtASL extracts at increasing dosage level (100, 500, 1000, 2000 and 4000 mg/kg b.w.) respectively (Gosh, 1984) . The animals were observed continuously for 2 h under behavioural, neurological and autonomic profiles. After a period of 24 to 72 h of incubation they were observed for lethality or death (Turner, 1965) .
Effect of EtALL and EtASL extract in normoglycemic rats
The fasting blood sugar level of each animal was determined after overnight fasting for 16 h.Normoglycemic rats were divided into 5 groups (n=6 per group). Saline was administered orally to the control group (Group 1), 200 and 400 mg/kg b.w. EtALL (Group 2 and Group 3) and EtASL extract (Group 4 and Group 5) was administered, respectively. Blood samples were collected at 30, 60, 90 and 120 min after administration of the extracts (Triender, 1969) .
Oral glucose tolerance test (OGTT) in normoglycemic rats
The oral glucose tolerance test was performed on overnight fasted (18 h) normal rats (Bonner-Weir, 1988) . Rats were divided into ten groups (n = 6), Saline was administered to Group 1; 200 and 400 mg/kg of EtALL and EtASL extract alone was given to Group 2 , Group 3, Group 4 and Group 5. Diabetic control induced with streptozotocin (Group 6). Diabetic induced rat were treated with 200 and 400 mg/kg b.w EtALL (Group 7 and Group 8) and EtASL (Group 9 and Group 10) extract. Glucose (2 g/kg p.o.) was fed after 30 min to all the groups. Blood was withdrawn from the retro orbital sinus under ether inhalation at 30, 60 and 120 min of glucose administration and glucose levels were estimated by using glucose oxidase -peroxidase reactive strips and a glucometer (Sugarcheck, Wockhardt, Mumbai, India).
Induction of diabetes
Diabetes was induced by single intraperitoneal injection of streptozotocin (STZ), (Sigma, USA) dissolved in freshly prepared 0.1 M citrate buffer at pH 4.5. After seven days of STZ administration (40 mg/kg b.w.), blood glucose level was determined. Rats with blood glucose level above 200 mg/dl were considered diabetic and included in the study.
Experimental design
In the experiment, a total of 30 rats (6 normal and 24 STZ diabetic surviving rats) were used. These rats were divided into six groups of 6 rats each. The extract was dissolved in 2% tween 80 solutions and administered orally for 4 weeks. Group I, Normal control rats; Group II, diabetic control rats; Group III, diabetic rats treated with 400 mg/kg b.w. EtALL extract; Group IV, diabetic rats treated with 400 mg/kg b.w. EtASL extract; Group V, diabetic rats treated with 600 µg/kg b.w. glibenclamide.
At the end of the 28 th day of study, the animals were sacrificed. Blood was collected in tubes containing potassium oxalate and sodium fluoride solution (anticoagulant) which was used for estimation of blood glucose. The blood glucose levels for 0, 14 th and 28 th day and OGTT were estimated using a GOD-POD method. Fasting glucose level was estimated by glucose oxidase-peroxidase method (Triender, 1969) . The plasma insulin was assayed by enzyme linked immuno sorbent assay (ELISA) (Boehringer analyzer ES 300) using Boehringer-Mannheim kit following the manufacturer's instructions. The glycogen level of liver and skeletal muscles was measured by anthrone method (Carrol et al., 1956 ). The liver tissues from the experimental animals were dissected, washed in ice cold saline, patted dry and weighed. 100 mg tissue was cut and homogenized in appropriate buffer using teflon pestle. The tissue homogenate was used for biochemical investigations. The liver homogenate was assayed for the estimation of carbohydrate metabolic enzymes and lipid profile.
Lipid profile and carbohydrate metabolizing enzymes
Lipid profile (total cholesterol, high-density lipoprotein (HDL) cholesterol, low -density lipoprotein (LDL) and triglycerides) levels in serum were determined according to the (Assmann et al., 1983 ). Glucose-6-phosphatase was determined by the method of Koide and Oda (1959) . Glucose-6-phosphate dehydrogenase was estimated by the method of Bergmeyer (1984) .
Statistical analysis
Each value represents mean value ± SD of three experiments carried out each in triplicate. One-way ANOVA and Student's t-test (SPSS program; version 11.5) were carried out to compare the data with the level of significance set at p<0.05.
RESULTS AND DISCUSSIONS
Different phytochemicals have various protective and therapeutic effects which are essential to prevent diseases and maintain a state of well being. The medicinal value of plants lies in some chemical substances known as phytochemicals that have a definite physiological action on the human body. The most important of these bioactive constituents of plants are alkaloids, tannins, saponins, terpenoids, steroids, glycosides, flavanoids and phenolic compounds (Hill, 1952) . Phytochemical screening of EtALL and EtASL extracts were performed which revealed the presence of phytoconstituents such as alkaloids, tannins, flavonoids, phenols and terpenoids. (Damu et al.,1999) .
A sudden increase in blood glucose levels, which causes hyperglycemia in T2D diabetes patients, occurs as the result of the hydrolysis of glucose uptake due to intestinal α-glucosidases (Gray, 1995) . An effective strategy for the management of T2D patients involving the profound inhibition of intestinal α-glucosidases (Krentz and Bailey, 2005 ) is warranted. Several natural resources have been evaluated for their ability to suppress the production of glucose from carbohydrates in the gut or glucose absorption from the intestine (Matsui et al., 2007) . These findings led us to a further functional investigation of inhibitory effects of EtALL and EtASL extracts against α-glucosidase enzyme (Table 1) to elucidate the mechanism of antidiabetic activity. EtALL(IC Results are expressed as mean ± S.E.M; n=3. exhibited stronger inhibitory activity for α-glucosidase which was comparable with the commercial carbohydrate digestive enzyme inhibitor, Acarbose with the IC 50 value 0.312 µg/ml. To determine whether the EtALL and EtASL extracts inhibit the cell viability or proliferation of preadipocytes, the cultured preconfluent 3T3-L1 cells were treated with or without various concentrations of EtALL and EtASL extract for 48 h. As illustrated in Table  2 , both the extracts over a dose range of 100 and 200 µg/ml influenced the metabolism of MTT by 3T3-L1 preadipocytes and concentration ranging 6.5 to 50 µg/ml exhibited no cytotoxicity, which means they do not influence the cell viability of 3T3-L1 preadipocytes. DM is characterized by increased blood glucose levels and disturbances in the carbohydrate, fat and protein metabolism (Apparao et al., 2003) . The insulin stimulated glucose uptake in adipose tissue is critical for reducing post prandial blood glucose concentration. 3T3-L1 cells are an excellent experimental model to quickly screen the effects of crude drugs on glucose uptake. In the current study we have demonstrated for the first time that EtALL and EtASL extract have insulin like effects in 3T3-L1cells which is a classic target tissue of insulin and plays important roles in the maintenance of glucose homeostasis .It was found that both the extracts significantly increased glucose uptake comparable to the effects of standard Insulin (Table 3) which may have the potential for insulin mimetic activity.
Further the antidiabetic effects of both the extracts were evaluated in the in vivo model. In the present investigation, STZ was selected for induction of diabetes in rats which is known for its selective pancreatic β-cell cytotoxicity and is less toxic than alloxan (Eliza et al., 2009) ; it also allows a consistent maintenance of diabetes (Raju and Balaraman, 2008) .
This model was used to assess the effect of leaves of EtALL and EtASL on hyperglycemia and metabolic disorders related to diabetes. Since no acute toxicity was observed, the EtALL and EtASL extract was prepared and administered to normoglycemic rats at a dosage of 200 and 400 mg/kg b.w.
to determine the dose dependent effect on fasting blood sugar concentration after acute administration. Changes in the blood glucose level of each group of animals were followed during a 2 h period (Table 4) . From the results, it is clear that EtALL and EtASL extract showed no significant effect on normoglycemic rats. It was observed that EtALL and EtASL extract at a dose of 200 mg/kg b.w. did not show any remarkable hypoglycemic activity in either normoglycemic or STZ-induced diabetic rats. However, the EtALL or EtASL extract, at a dose of 400 mg/kg b.w., showed significant hypoglycemic activity in diabetic rats, Results are expressed as Mean ± S.E.M; n=3. but not in normoglycemic rats (Table.5 ). The improvement in glucose tolerance of diabetic rats treated with 400 mg/kg b.w. of EtALL and EtASL extract was brought by lowering the initial blood glucose level from 437.93±1.20 to 288.15±1.12 mg/dL (EtALL) and 445.44±0.92 to 296.34±1.03 mg/dL (EtASL) at 120 min. In the untreated diabetic group, the fasting blood glucose increased from the initial value of 380.5 ± 5.3 to 399.2 ± 6.9 mg/dL. Many researchers reported similar pattern of reduction in the blood glucose level in the OGTT analysis in Andrographis paniculata (Rammohan et al 2008) , Coccinia cordifolia and Catharanthus roseus (Islam et al., 2009) , Telfaria occidentalis (Olorunfemi et al., 2010) and Calotropis gigantean (Nanu et al., 2011) . Since no hypoglycemic effect was observed at 200 mg/kg b.w. for both the extracts in any of the rat models, it was decided to determine the chronic effect of both the extracts at a dosage of 400 mg/kg b.w. for 28 days. Over-production (excessive hepatic glycogenolysis and gluconeogenesis) and decreased utilization of glucose by the tissues are the fundamental basis of hyperglycemia in DM (Kumar et al., 2010) . There may be several causes for persistant hyperglycemia and the most important among them is the failure of blood sugar regulation (Bolkent et al., 2000) . High plasma levels of insulin and glucose due to insulin resistance are a major component of the metabolic syndrome. If insulin resistance exists, more insulin needs to be secreted by the pancreas. If this compensatory increase does not occur, blood glucose concentrations increases leading to diabetes (Graham et al., 2001) . Fivefold increase in blood glucose level and more than two fold decrease in secretion of plasma insulin was observed at the end of 28 th day in EtALL and EtASL extract (400 mg/kg b.w.) treated diabetic rats (Table 6 ). The glibenclamide treated diabetic rats also showed better glucose lowering ability and an increase in plasma insulin level compared to the diabetic control rats. This hypoglycemic effect of both the extracts may be due to the presence of bioactive compounds belonging to flavanoids or terpenoid group of compounds which triggers the pancreatic secretion of insulin from the existing β-cells (Kishore et al.,2003; Damu et al.,1999; Li et al., 2004) . The glucose lowering ability and insulin secretary activity was well correlated by Eliza et al. (2009) in Costus specious, Kondeti et al. (2010) in Petrocarpus santalinus and Arokiyaraj et al. (2011) in Hypericum perforatum.
Glycogen is the primary intracellular storable form of glucose and its level in various tissues is a direct reflection of insulin activity as insulin promotes intracellular glycogen deposition by stimulating glycogen synthase and inhibiting glycogen phosphorylase (Golden et al., 1979) . The glycogen content of skeletal muscle and liver markedly decreased in diabetic rats (Welihinda and Karuanayake, 1986) in proportion to insulin deficiency (Stalmans et al., 1997) . In our study, decreased levels of muscle and hepatic glycogen were observed in diabetic control rats. This may be due to the stimulation of insulin release from β-cells (Lolitkar et al., 1996) . When EtALL and EtASL extract was administered at 400 mg/kg b.w., increased muscle and liver glycogen content was increased when compared to the diabetic control rats (Table 7) . Glibenclamide treated rats also showed a significant rise in the muscle and liver glycogen content compared to the diabetic control rats. Similar results were reported in the extracts of Eugenia jambolana (Sharma et al., 2003) and C. specious (Eliza et al., 2009 ) which showed increased level of muscle and liver glycogen content in diabetic rats.
The most common lipid abnormalities in diabetes are hypertriglyceridaemia and hypercholesterolaemia (Khan et al., 1995; Mitra et al., 1995) . The development of hypertriglyceridemia in uncontrolled diabetes is a consequence of a number of metabolic abnormalities that occur sequentially. There was a significant decrease in HDL-c cholesterol and increase in total cholesterol, triglycerides and LDL-c level in diabetic control rats when compared to the normal rats (Lopez, 2001) . EtALL and EtASL (400 mg/kg b.w.) extract treated diabetic rats significantly reduced total cholesterol, triglycerides and increased HDL cholesterol compared with diabetic control (Table 8 ). The glibenclamide treated diabetic rats showed an increase in HDL-c level, triglycerides and LDL-c level when compared to diabetic rats. These findings are in agreement with Ravi et al. (2005) Thus, it is reasonable to conclude that EtALL and EtASL extract could modulate blood lipid abnormalities. Hexokinase, glucose-6-phosphatase and fructose -1, 6-bisphosphatase are rate limiting glycolytic enzymes that are severely impaired during diabetes condition. These enzymes play a very important role in the final step of glucogenolysis and gluconeogenesis (Hassan et al., 2009) . A decrease in the activity of hexokinase, glucose-6-phosphatase and fructose -1, 6-bisphosphatase has been shown to slow down the pentose phosphate pathway under diabetic conditions (Abdel-Rahim et al., 1992) . There was a significant decrease by 2 fold in hexokinase activity and an increase in glucose-6-phosphatase and fructose -1, 6-bisphosphatase activity in the diabetic control rats compared to the normal rats. This might be due to the activation or increased synthesis of the enzymes contributing to increased hepatic glucose production during diabetes activation of the gluconeogenic enzymes or may also be due to state of insulin deficiency given that under normal conditions, insulin functions as a suppressor of gluconeogenic enzymes (Pushparaj et al., 2001) .
Treatment with EtALL and EtASL extract at 400 mg/kg b.w. reversed the above changes significantly. The reduction in the activities of gluconeogenic enzymes can result in the decreased concentration of glucose in blood. Similar pattern of activity was observed with the glibenclamide treated rats whereas the diabetic control rats showed significant decrease in hexokinase activity and an increase in glucose-6-phosphatase and fructose -1, 6-bisphosphatase activity in the diabetic control rats ( Table 9 ).The glibenclamide treated rats showed comparable more effect than the extract treated rats. The increased activities of gluconeogenic enzymes were shown to be reduced after treatment with other medicinal plants (Pushparaj et al., 2007; Pari and Amarnath Satheesh, 2004; Maiti et al., 2004) , in experimental diabetic animals and our results are comparable with these reports.
Conclusion
In this study, several models of in vitro and in vivo assays were applied to evaluate the antidiabetic effect of EtALL and EASL extracts. As a conclusion it could be speculated that the observed antidiabetic activity of EtALL and EtASL extract might be related to the presence of phytoconstituents such as flavonoids and terpenoids content, having the potential to impart beneficial therapeutic effect in diabetes. Glucose and fat are two major substrates for energy production in animals. Coordination between their metabolisms in providing energy is sophisticated and is regulated by many hormonal and metabolic factors. Disturbance of the energy homeostasis may cause serious clinical syndromes that are manifested by abnormal blood glucose or fatty acid levels. Although adipose tissue accounts for only 5-20% of glucose disposal, much of the work on insulin stimulated glucose transport has been performed in adipocytes, due to the fact that many mechanistic studies with regard to insulin's action have been easier to carry out in this tissue. This study also establishes a correlation between adipogenesis and carbohydrate metabolism which may be of considerable interest in preventing the ill effects of obesity related diabetes. However the EtALL and EtASL extracts should be investigated to find out the active principles for antidiabetic actions. Further studies are in progress to identify the lead molecule.
